October 2016, Vol. 106, No. 10 and percentages (categorical variables). Asso ciations between categorical variables were analysed using relative risks (RRs) with 95% confidence intervals (CIs), χ 2 and Fisher's exact tests. Subgroup comparisons of numer ical variables were done using Mann-Whitney tests with 95% CIs for median differences.
Ethical considerations
Approval for the study was granted by the Ethics Committee of the Faculty of Health Sciences of the University of the Free State (ECUFS NR 143/2008). Permission to collect the data for the study was given by the clinical heads of Pelonomi, National District and Universitas hospitals. Parental consent was waived, as this was a retrospective study based on hospital records.
Results

Laboratory reports
A total of 1 259 swabs from the public health sector in Bloemfontein were recorded as received at the NHLS laboratory in Johannesburg during the 7-year period from April 2008 onwards. Of these, 183 (14.5%) confirmed pertussis. The temporal distribution of the pertussis cases is shown in Fig. 1 , with an increase in cases at the beginning of 2008 and 2010 and an obvious epidemic peak during 2011 when 96/183 cases (52.5%) were diagnosed. The results are presented against a backdrop of the laboratory-confirmed pertussis cases in SA recorded by the National Institute of Communicable Diseases (NICD) in Johannesburg for this time period ( Fig. 1 and Table 1 ).
The organism was identified as B. pertus sis in 173/183 cases (94.5%) and B. para pertussis in 8/183 (4.4%), and the PCR test was positive for both species in 2 cases.
The age distribution of the children is shown in 
Clinical data
Clinical data were available for 154/183 cases (84.2%). Of these children, 141/154 (91.6%) were admitted and 13/154 (8.4%) were treated as ambulatory patients. Fifty-one hospitalised children (36.2%) required admission to a paediatric intensive care unit (PICU).
Hospital admission was associated with young age: 89/92 children <18 weeks of age (96.7%) required admission, whereas 52/62 children ≥18 weeks of age (83.9%) required admission (p=0.005; RR 1.15; 95% CI 1.03 -1.29).
PICU admission was also associated with young age: 45/89 children <18 weeks of age (50.6%) required intensive care v. 6/52 ≥18 weeks of age (11.5%) (RR 4.38; 95% CI 2.01 -9.56; p<0.001).
The median hospital stay was 9.0 days (IQR 6 -16.0, range 2 -74). The median total duration of hospitalisation for children aged <18 weeks and ≥18 weeks was 10.0 and 8.0 days, respectively (95% CI 1 -5 days; p=0.006) ( Table 3) . Two children were excluded from this analysis as they had prolonged hospital stays (not PICU) due to other problems: one child required pneumonectomy for complications of concomitant pulmonary tuberculosis, and the other was newly diagnosed with congenital cyanotic heart disease.
It was difficult to ascertain from the clinical notes whether there were symptomatic contacts, but only 18/154 children ( ) and a whoop in 7/154 (4.5%). Two of the 7 children with a whoop were <14 weeks of age, and the other 5 were aged between 7 months and 4 years. All the infants presenting with apnoea, except one 10-month-old child who had chronic lung disease, were ≤12 weeks of age. Of the above symptoms, apnoea was significantly more common in children aged <18 weeks than in those aged ≥18 weeks (22.8% v. 1.6%; p<0.001).
Other symptoms, not classically recorded for pertussis, were noted: fever in 41/154 (26.6%), diarrhoea in 23/154 (14.9%) and stridor or a croup syndrome in 6 (3.9%), while 10 (6.5%) presented with circulatory shock. Of these symptoms, fever was less common in children aged <18 weeks than in those aged ≥18 weeks (18.5% v. 38.7%; p=0.005). The most common comorbidities were malnutrition in 25/154 cases (16.2%), concomitant tuberculosis (microbiologically proven) in 11/154 (7.1%) and invasive pneumococcal disease in 2/154 (1.3%). Children aged <18 weeks were less commonly malnourished (7.6% v. 29.0%; p<0.001) and less commonly had tuberculosis (3.9% v. 12.9%; p=0.029) than those aged ≥18 weeks.
Full blood count results were available for 144/154 children (93.5%). Total white cell counts (WCCs) ranged from 2.18 to 85.0 × 10 9 /L and in 58/144 cases (40.3%) were ≥20.0 × 10 9 /L. A lymphocyte predominance was found in 52/86 (60.5%) of children with a white cell count <20.0 × 10 9 /L and in 27/58 (46.6%) with a white cell count ≥20.0 × 10 9 /L (p=0.100).
Twenty-two of the 154 children (14.3%) were HIV-infected, of whom 12 (54.5%) were already receiving antiretroviral therapy; 91 (59.1%) were HIV-uninfected, and the HIV status was unknown or results were not available in 41 (26.6%). Among the children with known HIV status who were admitted 
Outcomes of pertussis
Eight children (5.2%) died, 6 of whom had been admitted to a PICU; their ages ranged from 6 to 14 weeks, except for one who was 6 months old. Five children had very high WCCs (Table 4 ). Five children required readmission for ongoing illness. No data were available regarding duration of symptoms after discharge.
Discussion
This is the first reported hospital-based case series of children with pertussis in SA and highlights the significant morbidity and mortality associated with the disease. The last published report of pertussis in SA, an outbreak investigation, was from Cape Town in 1991. [3] What was initially thought to be an outbreak in Bloemfontein, noted by doctors in both the public and the private sector, has been shown to be an ongoing epidemic with a cyclical pattern, with the highest incidence of cases documented in the last quarter of 2011, both in Bloemfontein and nationally. [4] This peak in late 2011 and 2012 has also been documented in the UK. [5] It is not possible to comment on a seasonal trend, although the data over the 7 years show an increase of cases in autumn. The Division of Public Health Surveillance and Response at the NICD has provided data on laboratory-confirmed pertussis cases available for the same time period for the whole country. It also includes data sent to the NICD from private sector laboratories. Of the total number of cases recorded by the NICD, 183/1 172 (15.6%) were identified in the public healthcare sector in Bloemfontein. This is a large proportion considering that according to the 2011 census, the estimated population of the Mangaung metropolitan municipality (to which Bloemfontein belongs) made up 1.4% of the total population of SA. [6] As expected, B. pertussis was the causative organism in most cases and B. parapertussis occurred in only a small number of cases. This has also been found in other studies. [7] Table 2 shows that 105/183 children (57.4%) were aged <18 weeks. This group represents infants who have not yet received the complete primary series of pertussis vaccine. The youngest children tended to have more severe disease, with most requiring hospital admission. Half of the infants <18 weeks of age required admission to the PICU. We did not have access to vaccine data for the children described in this case series, but would expect that, had vaccine coverage been optimal and timeous, this group of infants would probably have contributed a smaller proportion of the cases overall. Coverage of the third vaccine (DTP3 or DTP/Hib/polio/HepB3) at 14 weeks has been recorded to be >90% in the Free State for some of the years (2007, 2008, 2011, 2012) included in this study. [8] A study in the Western Cape reported that <20% of second vaccinations, third combined vaccinations and the 18-month vaccination were given on time. [9] About one in 10 of the children diagnosed with pertussis was aged >18 months. If vaccine coverage was complete in this group, this would suggest that the vaccine effectiveness was not optimal.
The duration of hospital stay (median 9 days) was longer than that reported from a similar study in Switzerland (median 6 days), and this was more marked in infants <18 weeks of age. Infants admitted to the PICU also had a prolonged stay. Importantly, HIV infection did not influence the morbidity or length of stay of the infants. Morbidity is high in pertussis, and the mortality rate was 5.2% in this cohort. [10] The mortality for hospitalised children with lower respiratory tract disease at this site during the years of the study has been 4 -5%.
It is important to note that most children presented with a cough of <1 week's duration, and some did not have a cough. The World Health Organization clinical case definition of pertussis requiring a cough of >2 weeks' duration would underestimate the burden of pertussis in the absence of laboratory confirmation and may require revision. [11, 12] Apnoea occurred mainly in young infants, but not exclusively. Of interest is that some children presented with a croup-like syndrome, and also with fever or diarrhoea. These are not usually described with pertussis. Some children had significant comorbidities (malnutrition, tuberculosis, other bacterial infections and HIV infection), which could obscure the diagnosis of pertussis.
Another classic pointer to the diagnosis of pertussis is a high white cell count. [11] In this group of children, 40.3% had a white cell count ≥20.0 × 10 9 /L, also found in more than half of the children who died. We did not have routine full blood count reports in many cases to enable us to comment on the presence of atypical lymphocytes.
Study limitations
This case series and the results provided by the NICD include only laboratory-confirmed pertussis cases. Bias from lack of clinical suspicion with no laboratory confirmation probably contributes to the underestimation of the burden of pertussis, both nationally and in this case series. Only patients who were ill enough to consult a medical doctor had a pertussis swab taken, and not every child with a respiratory complaint had a pertussis swab taken. There were no standard operating procedures in place regarding when pertussis swabs should be taken, and not every doctor was equally aware of the pertussis problem.
In 2012 the NHLS laboratory experienced problems with contamination and was unable to process some specimens, and several of these could not be repeated as the patients had been discharged. This may also have resulted in an under-recording of cases.
As the swabs were sent to Johannesburg for the PCR tests, we were notified of positive results 1 -2 weeks after the swab had been taken and then retrieved the hospital records. The vaccination history of the children was not reliably recorded in the clinical notes, and some mothers did not have the child's Road To Health book with them at the time of admission. We also could not obtain reliable figures of vaccination coverage in this area for these years, although figures for the Free State have been published by the Health Systems Trust for some of the years. [8] The pertussis problem reported in this study therefore cannot be evaluated in relation to vaccination coverage.
What the study contributes
The study shows the cycle of troughs and peaks of pertussis over a 7-year period. This correlates with the data from the NICD and is a reasonable reflection of the pertussis problem that almost certainly has been occurring in the whole country but may have passed undiagnosed in many areas except for 'sporadic' cases which were reported in the NICD communiques. [13] [14] [15] [16] This study shows the 'tip of the ears of the hippopotamus' , and the burden of pertussis is probably much larger than what this case series has documented. The burden of disease is carried by young infants, who have a prolonged hospital stay and a high rate of PICU admission.
Recommendations
To plan rational interventions, surveillance for pertussis needs to improve, not only among children but also among adolescents and adults. Data from other countries indicate that adolescents and adults October 2016, Vol. 106, No. 10 do get pertussis and act as reservoirs for transmission to infants and children.
Maternal vaccination at the beginning of the third trimester of pregnancy is being implemented in many countries to reduce the burden of pertussis in early infancy. This is certainly an attractive option and has been shown to be cost-effective. Vaccination of mothers (postnatal) and other household members (cocooning) is another possible, but less effective, intervention. These immunisation measures would protect the young infant, who is most at risk of developing severe pertussis disease. [17, 18] Consideration should also be given to vaccination of healthcare workers, especially those working with infants. [19] 
Conclusions
This case series of pertussis in Bloemfontein shows the cyclical pattern of the disease over 7 years with pronounced outbreak activity in 2011 through 2012, and documents a large proportion of the country's total number of diagnosed cases. Many children did not have a cough of at least 2 weeks' duration. Young infants were most severely affected, requiring prolonged hospital stay with a large percentage requiring PICU admission.
